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@ Balloon catheter for occluding aneurysms or branch vessels. 

@ A method and apparatus for delivering oc- 
cluding agents through an opening in a blood 
vessel wall and into an aneurysm chamber or a 
branch vessel to occlude same employs a bal- 
loon catheter, inflating the balloon to seal the 
blood vessel lumen around the vessel opening, 
and delivering the occluding agent through the 
opening. The inflation of the balloon positions 
an exit port coupled to a delivery lumen laterally 
in the vessel in alignment with the vessel open- 
ing for delivering of the occluding agent theret- 
hrough. The inflated balloon maintains the 
occluding agent therein until it forms an oc- 
cluding cast either in response to exposure to 
body fluids or radiation emitted from the cathe- 
ter. The balloon may be shaped to form a blood 
perfusion passage and may be advanced over a 
guide wire. The distal catheter end may be 
rotated to align the delivery exit port with the 
aneurysm or branch vessel opening. More than 
one delivery exit port and associated lumen may 
be provided for venting during delivery and/or 
for the delivery of a two component occluding 
agent. Alternatively mechanical thrombus form- 
ing devices may be delivered thereby into the 
aneurysm chamber or branch vessel to occlude 
it 
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The present invention relates to apparatus for de- 
livering occluding agents through the opening in a 
blood vessel wall and into the aneurysm chamber or 
into a peripheral vessel, and in particular by introduc- 
ing a balloon catheter, inflating the balloon to seal the 5 
blood vessel lumen around the vessel opening, and 
delivering the occluding agent through the opening to 
prevent loss of occluding agent into the blood vessel 
during such delivery and until in situ stabilization of 
the occluding agent as an occluding cast shaped to w 
retain the patency of the blood vessel at the occluded 
opening. 

The occurrence of aneurysms in weakened blood 
vessel walls, particularly in arterial blood vessels, of- 
ten presents a life threatening risk to a patient. This is 
is particularly true in blood vessels serving the heart, 
brain and other vital organs. In both venous and ar- 
terial blood vessels, such aneurysms may rupture, 
causing internal bleeding and loss of blood pressure 
or become the source of clots that may become dis- 20 
lodged and are borne by moving blood to other sites 
where they restrict blood flow. In major arteries, the 
rupture may lead to severe loss of pressure and rapid 
death. In the brain, the pooling of blood may lead to 
pressure on brain cells and result in a stroke. 25 

The invasive, surgical removal of aneurysms and 
closure of the opening in the vessel wall itself pres- 
ents a grave risk to the patient and poses severe post* 
operative complications. ConventionaJ vascular sur- 
gery or micro-surgery may be employed successfully 30 
to correct aneurysms of vessels accessible to such 
surgical approach. However, the most threatening 
aneurysms are often deep within a vital organ or large ' 
in size and having a wide neck where the trauma of 
surgical treatment presents a great risk. 35 

One surgical treatment for dealing with such 
aneurysms involves closing off the blood vessel and 
thereby sacrificing it and tissue that it serves to ische- 
mia. This type of occlusion may be employed as a last 
resort in cases where the induced trauma presents 40 
the lesser evil. 

It is therefore often either impossible to proceed 
surgically or preferable to avoid such surgical proce- 
dures. Less invasive approaches have been pro- 
posed and tested either in animals or clinically for 45 
closing off the aneurysm opening and/or filling the 
aneurysm sac. For example, as described in U. S. Pa- 
tent No. 5.041,090. a number of approaches have 
been undertaken employing catheters for positioning 
detachable balloons either in the aneurysm sac or in 50 
the adjacent vessel, filling the balloon with a quick 
setting polymer and detaching the balloon in attempts 
to either fill and displace blood in the aneurysm sac 
or effect stationary occlusion of the vessel. In 
the *090 patent, a pair of catheter borne, detachable 55 
balloons are provided that are intended to be placed 
in the aneurism sac. inflatable with one balloon inside 
the other, and inflated to fill with one material or poly- 



merize another material in the outer balloon in a 
shape conforming to the aneurism sac. so that the 
catheters may be detached with the balloons remain- 
ing in place. In one embodiment, polymerizable ma- 
terial appears to be directed out of multiple holes in 
the outer balloon and into contact with the wall of the 
aneurism to bond the balloons and wall together. 

In all of these procedures, it is necessary to get 
a balloon or balloons directed through the neck of the 
aneurism and retained there. The inflated balloon or 
balloons may protrude out through the opening of the 
aneurysm and interfere with blood flow through the 
vessel lumen. Material emitted from holes in a balloon 
in the aneurysm chamber may be forced out the open- 
ing and block the vessel lumen. Moreover, the intro- 
duction of the balloon catheter or catheters into the 
aneurysm chamber itself poses the risk that the 
aneurysm wall will be punctured. 

Further approaches to encouraging thrombus 
formation in aneurysm chambers are described in 
U.S. Patent No. 5.234.437 wherein a plurality of met- 
allic vaso-occlusion coils are placed in the chamber 
by positioning a pusher catheter into the opening and 
detaching the coils. Detachment is proposed by ap- 
plying current of electrically sever the connection or 
by threading the coil out of engagement with the 
pusher mechanism. See also, for example. "Electro 
Thrombosis of Aneurysms'* J. Neurosurgery , 75:1-7, 
1/91 by Guglielmo. where electric current is employed 
as well. These approaches require the proper intro- 
duction of a catheter into the opening, and the posi- 
tioning of such catheters is difficult and presents the 
risk of perforating the aneurysm wall. 

In a still further approach described in U.S. Pa- 
tent No. 5,219,355. a catheter borne sleeve is pro- 
posed to be placed across and within the depicted 
wide mouth opening of an aneurism to block the 
mouth and serve as an alternative, intraluminal blood 
vessel. The sleeve is attached at either end to a pair 
of expandable stents which are introduced by a dou- 
ble balloon catheter and expanded upon inflation of 
the balloons. Presumably, the expanded stents sta- 
bilize the sleeve ends against patent blood vessel 
walls. In this approach, an apparent risk lies in detach- 
ment of one or both of the stents from contact with the 
blood vessel walls over time. Alternatively, as the 
stents fibrose in, the fibrosis may restrict blood flow 
and lead to further complications. Many blood ves- 
sels would appear to be too small to benefit from this 
approach due to the necessary size of the compo- 
nents and introducing apparatus. 

Spaced apart, double balloon catheters are also 
proposed for use in temporarily occluding blood ves- 
sels to introduce a therapeutic agent in treating blood 
vessel intima injured in balloon angioplasty proce- 
dures, as disclosed in U.S. Patent No. 4,832.688. 

Further spaced apart balloon catheters have 
been proposed for isolating a network of small branch 



3 



EP 0 664 104 A2 



4 



blood vessels collaterally supplying a tumor and in- 
jecting a contrast material or a small vessel occlusive 
collagen material into the network, as disclosed in 
U.S. Patent Nos. 4.655,746 and 4,708.718. The in- 
jected material is delivered directly into the vessel be- 5 
tween the two inflated balloons and described as be- 
ing drawn into the small diameter branch blood ves- 
sels and remaining there over a period of time to oc- 
clude them. The disposal of the collagen material re- 
maining in the main vessel is apparently not ex- w 
plained. To the extent that the solidified collagen re- 
mains in the secondary and tertiary vessels after 
withdrawal of the catheter, it may protrude out of 
these minor branch vessels into the lumen of the main 
vessel and provide sites for the development of 1$ 
thrombi or stenosis. 

In addition, single or co- ax tally disposed double 
balloon catheters of the type disclosed in U.S. Patent 
Nos. 5.049,132, 5,087.244, 5,112.305, and 5.213,576 
are described for distributing therapeutic agents 20 
through side wall holes in the outermost balloon to 
vessel walls to treat an atherosclerotic plaque or to in- 
duce penetration of the agent into the vessel wall to 
treat a vessel wall tumor or for applying heparin post- 
operatively at the site of an angioplasty procedure. 25 
These balloon catheters infuse therapeutic agents 
into the vessel itself and are not suited to the introduc- 
tion of an occluding agent of a type that would also oc- 
clude an aneurysm chamber or branch vessel. 

In a further surgical procedure for harvesting sa- 30 
phenous veins for use in bypass surgery, it is known 
to strip out the saphenous vein section, remove the 
vein valves and tie off the branching vessels to pre- 
pare the section for implant as a bypass artery sec- 
tion. It is also known to do an in situ bypass converting 35 
a section of a vein adjacent a blocked artery section 
into a substitute artery section. The vein section is 
tied off proximally and distally, severed, and the two 
ends are grafted to the artery. In order to prepare the 
vein section, it is necessary to excise any venous 40 
valves in the vein section lumen and to tie off any per- 
ipheral or side branch veins. See, for example, "Endo- 
Vascular Infrainguinal In Situ Saphenous Bypass: A 
Multi Center Report". J. Vascular Surgery , 
1 992; 16:453-458. by Rosenthal. 45 

To avoid the surgery to expose the length of the 
sacrificed vein section to tie off the side branches, it 
has been proposed steer a catheter into the side 
branches and deposit occlusion coils therein to oc- 
clude the vessels. 50 

(c) Problems That The Invention Is To Solve 

Despite the advances and improvements in 
treatments for various conditions that have been in- 55 
troduced in recent years through the use of balloon 
catheters, a need remains for an apparatus for intra- 
luminally occluding aneurysms in a main blood vessel 



wall that is simple to practice, does not threaten the 
integrity of the adjacent main blood vessel, and 
wherein main vessel patency is rapidly restored. A 
need also exists for such an apparatus which may be 
used to seal off and occlude a peripheral vessel feed- 
ing an aneurysm or for other reasons, e.g. the prep- 
aration of a vein for use as an arterial bypass section 
without invasive surgery. 

(d) Means and Method of Solving The Problems 

An apparatus is provided for forming an occlud- 
ing cast through a vessel opening in the side wall of 
a main blood vessel for occluding a peripheral vessel 
or aneurysm outside of the opening without occluding 
the vessel, comprising means for sealing, the main 
vessel from the vessel opening into the aneurysm or 
peripheral vessel, delivering an occluding agent 
through the vessel opening into the aneurysm cham- 
ber or peripheral vessel, and maintaining the seal un- 
til occlusion is effected or the agent is stabilized and 
the occluding cast is formed. 

If necessary to effect occlusion, the apparatus 
and method further comprises means for aspirating 
the contents of the aneurysm chamber or peripheral 
vessel through the opening thereof before introducing 
the occluding agent and/or venting the contents of the 
aneurysm chamber or peripheral vessel through the 
opening thereof during introducing the occluding 
agent. 

Preferably the sealing and delivery means fur- 
ther comprise introducing a balloon catheter having 
an inflatable balloon and a delivery lumen extending 
therethrough terminating in a delivery exit port into a 
position in the main vessel adjacent to the opening, 
orienting the delivery exit port to the opening, and in- 
flating the balloon to fill the blood vessel and to seal 
the delivery exit port and the opening from the blood 
vessel lumen. The delivery means is accomplished by 
delivering the occluding agent through the delivery lu- 
men and delivery exit port, and through the opening 
to form a cast that does not occlude the vessel. 

Preferably, the balloon catheter has a plurality of 
lumens extending to a distal segment thereof to in- 
flate/deflate the vessel filling balloon in the distal seg- 
ment, to aspirate or vent the aneurysm or peripheral 
vessel through an aspiration/vent port, to deliver the 
occluding agent through a delivery exit port or ports 
formed adjacent the balloon thereof, and to accept a 
guide wire for positioning the distal segment in the lo- 
cation of treatment. 

Alternatively, the aspiration and/or venting may be 
accomplished employing a separate catheter. 

The method of use of the balloon catheter com- 
prises introducing and advancing the balloon catheter 
through a patient's blood vessels until the distal seg- 
ment bearing balloon is positioned alongside the 
opening of an aneurysm or peripheral vessel, orient- 
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ing the exit port of the delivery lumen toward the 
opening, inflating the balloon to fill the vessel lumen 
and isolate it from the opening, aspirating blood from 
the opening, if necessary, introducing an occluding 
agent through the delivery lumen out the delivery exit 5 
port and through the opening and filling the aneurysm 
chamber or peripheral vessel with the occluding 
agent, maintaining the inflated balloon in place for a 
time period sufficient to stabilize the occluding agent 
and form the occluding cast and deflating and with- 10 
drawing the balloon catheter. If necessary, the vent- 
ing may take place during the filling step. Optionally, 
the balloon may be rotated after delivery of the oc- 
cluding agent to present a solid balloon wall across 
the vessel opening for shaping the occluding cast at 15 
the opening into conformance with adjacent blood 
vessel lumen wails. 

The orientation of the delivery exit port to the 
opening is preferably determined through the use of 
radiopaque markers around the ports which may be 20 
observed through fluoroscopy. The proper seal af- 
forded by the inflated balloon may be verified in a fur- 
ther step of inflating the balloon and injecting a con- 
trast medium through the delivery lumen and exit port 
after orienting the delivery exit port to a trial position 25 
and observing the filling of the aneurysm as well as 
the absence of its leakage down the vessel lumen 
when it is properly oriented. Alternatively, a radiopa- 
que tip probe may be introduced down the delivery lu- 
men and observed as it exits the exit port and enters 50 
the aneurysm chamber or a pressure measurement 
may be taken. 

The "occluding agent - preferably comprises liquid 
or solid materials or objects that effect occlusion 
through a variety of reactions. The occluding agent is 35 
preferably introduced as a liquid and hardens within 
the aneurysm chamber. In a first variation, the occlud- 
ing agent may require a reactive catalyst to harden, 
and the balloon catheter may be provided with a fur- 
ther lumen and exit port adjacent to the first exit port 40 
and a further delivery lumen for separately introduc- 
ing the catalyst. In a further variation, the occluding 
agent may react to radiation of a certain wavelength 
which is provided from an external source and intro- 
duced into the distal segment of the balloon catheter 45 
and directed at the opening to effect hardening of the 
delivered occluding agent by a light conductor or opt- 
ical fiber. 

Alternatively, the occluding agent may comprise 
a blood coagulating material or mechanism, e.g. one so 
or more expandable coils, may be compressed and 
introduced transluminal^ and positioned through the 
exit port and through the opening, where the mecha- 
nism expands into contact with the aneurysm walls to 
induce coagulation of blood in the chamber or the per- 55 
ipheral vessel. 

In a preferred embodiment, the balloon catheter 
may be provided with a guide wire lumen and guide 



, wire exit port distal to the balloon for use with a guide 
wire for easing introduction and advancement of the 
balloon catheter. The balloon inflation/deflation lu- 
men may be provided with a distal guide wire receiv- 
ing valve for allowing advancement of the guide wire 
dis tally or introduction of the balloon catheter over the 
previously introduced and positioned guide wire while 
allowing inflation of the balloon through the same in- 
flation/deflation lumen. 

The catheter body may alternatively be formed 
with a permanently installed guide wire or other 
means extending its length to transmit rotational tor- 
que from the proximal to the distal end segment to ro- 
tate the distal end segment for positioning of the exit 
port(s) of the respective delivery and/or venting lu- 
mens) in alignment with the vessel opening. The ro- 
tation may also be employed to rotate the inflated bal- 
loon to seal off the vessel opening from the exit 
port(s) after delivery of the occluding agent until the 
occluding cast is formed. 

In order to optimally position the exit port or ports 
of the delivery lumen or lumens, at least a distal sec- 
tion of the delivery lumen(s) may be disposed against 
the outer wall of the balloon in a first embodiment. 
The inflation of the balloon disposes the delivery exit 
port(s) to one side of the expanded balloon, and the 
expanded balloon presses generally radially outward- 
ly of the catheter body. The distal section of the de- 
livery lumen(s) expands with the expanding balloon 
wall. 

In a second embodiment of the balloon and de- 
livery lumen structure, the delivery lumen(s) is dis- 
posed within the catheter body through its length and 
terminates in the delivery exit port(s) in one side quar- 
ter section of the catheter body. The balloon may be 
formed in the remaining three quarter section of the 
exterior surface of the catheter body. The expanding 
balloon presses the catheter body radially away so 
that the exit port(s) is pressed into the aneurysm 
opening. 

In either balloon embodiment a further separate 
catheter may be introduced alongside the inflated 
portion of the balloon, and enveloped thereby along 
a portion of its length, to provide a lumen allowing 
blood flow in the vessel to bypass the balloon. Alter- 
natively, the balloon may be shaped to form a blood 
flow passageway with the blood vessel wall opposite 
to the wall that the exit port(s) are disposed toward. 
In either case, the bypass allows the balloon catheter 
to be placed for a longer period of time for slower set- 
ting occluding agents. 

Advantageously, the balloon catheter for treating 
aneurysms of the present invention allows the isola- 
tion of the opening of the aneurysm chamber or the 
peripheral vessel from the main vessel lumen and the 
introduction of occluding agents only into the opening 
where they can act or set up to only fill or close the 
aneurysm chamber or peripheral vessel. The balloon 
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catheter may be used in other applications, e.g. for 
sealing branch peripheral veins of a vein harvested 
for use in bypass surgery. 

The balloon catheter for is particularly advanta- 
geous for use in difficult to access vessels and for oc- 
cluding aneurysms having wide neck openings along 
one side of a blood vessel. The introduction process 
is simple and does not involve complex maneuvers to 
steer or turn the distal segment which is important in 
small vessels and reduces operative time. 

The reduced leakage of occluding agent back into 
the main vessel decreases the risk of vessel blockage 
and/or stenosis and resultant tissue ischemia. Patient 
comfort is increased and cost of the intensive care 
treatment is reduced by the shortened time and re- 
duction of exposure to the occluding agent. 

Figure 1 is a perspective view of one embodiment 
of the balloon catheter for occluding aneurysms 
or blood vessels of the invention; 
Figure 2 is an end cross section view of the cath- 
eter body lumens of the catheter of Figure 1 ; 
Figure 3 is a partial side cross section view of the 
catheter of Figure 1; 

Figure 4Ais an end cross section view of the cath- 
eter of Figure 3; 

Figure 4B is an end cross section view of a vari- 
ation of the balloon structure and delivery exit 
port of the catheter of Figure 3; 
Figure 5 is a partial, side cross section view of a 
further embodiment of the balloon structure and 
delivery exit port of the catheter of Figure 1; 
Figure 6 is an end cross section view of the cath- 
eter of Figure 5; 

Figure 7 is a partial, side cross section view of the 
catheter of Figures 3 or 5; 
Figure 8A is an end cross section view of the cath- 
eter of Figure 7 configured to deliver a two com- 
ponent occluding agent through adjacent exit 
ports; 

Figure 8B is an end cross section view of the 
catheter of Figure 7 configured differently than 
Figure 8A; 

Figure 8C is a further end cross section view of 
the catheter of Figure 7 depicting a further meth- 
od of forming the balloon structure; 
Figure 9 is a perspective view of a further em- 
bodiment of the balloon catheter of the invention; 
Figure 10A is an end cross section view of the 
catheter of Figure 9 depicting the balloon struc- 
ture supporting a single lumen and delivery exit 
port; 

Figure 10B is an end cross section view of the 
catheter of Figure 9 depicting the balloon struc- 
ture supporting a double lumen and delivery exit 
ports; 

Figure 11 A is an end cross section view of the 
catheter of Figure 9 having a single delivery lu- 
men formed in the outer tube; 



Figure 11 B is an end cross section view of the 
catheter of Figure 9 having two delivery lumens 
formed in the outer tube: 
Figures 12A- 16B are schematic illustrations of 
5 the steps of occluding an aneurysm in an artery 

with the catheter embodiments of the present in- 
vention 

Figure 17 is an alternative schematic side view il- 
lustration of the step of introducing a balloon 
w catheter in relation to the opening of a branch 

vessel into a main blood vessel to effect the oc- 
clusion thereof in the manner of Figures 12A - 
16B; and 

Figure 1 8 depicts an alternate distal end segment 
is of the balloon catheter of the various embodi- 

ments having a permanently installed torque wire 
attached therein for allowing rotation of the bal- 
loon. 

In the following description, the several alterna- 

20 tive preferred embodiments share common features 
of the invention which are illustrated generally in Fig- 
ure 1 and more specifically in other figures. The 
methods of using the various embodiments to deliver 
an occluding agent and form an occluding cast in an 

25 aneurysm chamber or a branch vessel are illustrated 
schematically in Figures 12-17. The term "occluding 
agent" as defined above is intended to encompass 
the various liquid and solid materials and devices de- 
scribed herein which solidify or set up in situ or which 

30 encourage the formation of thrombus which occlude 
the aneurysm chamber or branch vessel. 

The balloon catheter 10 of the present invention 
includes a length of multi-lumen flexible tubing form- 
ing a catheter body 1 2 having a proximal end segment 

35 14 and a distal end segment 16. The catheter body 12 
is preferably formed with a plurality of axially extend- 
ing, co-linear passageways or lumens, e.g. the three 
lumens 18, 20 and 22 depicted in the cross section 
view of Figure 2 (and in further views) which are cou- 

40 pled to structure in the proximal and distal segments 
to function as a balloon inflation/deflation lumen 
and/or a guide wire lumen and as one or two delivery 
lumens. In other words, the three lumens 18, 20 and 
22 can be configured to deliver a single form of oc- 
45 eluding agent in one embodiment of the invention or 
to deliver two separate components of an occluding 
agent, e.g. a catalyst and an active ingredient, in a fur- 
ther embodiment of the invention as described in 
greater detail hereafter. Alternatively, one lumen may 
so be used to vent or aspirate through the opening to as- 
sist in filling the aneurysm chamber or branch vessel 
with the single occluding agent Four lumens may 
also be provided to deliver the two components or 
perform other functions. 
55 In any such configuration, the tubing of the cath- 

eter body 12 may be extruded from flexible plastic 
materials, e.g. thermoplastics, polyvinyl chlorides, 
polyethylenes, polyurethanes, polyesters, polypropy- 
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lenes or the like as is well known in the balloon cath- * 
eter art. The catheter body may be extruded or 
formed with a variety of lumen cross sections, includ- 
ing circular or elliptic lumens (as shown in Figure 6) 
or in a co-axial configuration (as described with ref- 5 
erence to Figures 9 - 11) or with the pie-shaped lu- 
mens depicted in Figure 2. 

As shown in Figure 2A. the lumens 18. 20 and 22 
are separated by webs 19 and 21 and confined in an 
outer tube 13. Lumen 18 is larger in cross section in jo 
order to accommodate a guide wire 70 shown in cross 
section. Lumens 20 and 22 are oriented together on 
one side to facilitate their alternate employment as 
delivery or venting lumens in the various embodi- 
ments described below. rs 

Returning to Figure 1 . the lumens 18. 20 and 22 
are coupled through a manifold 32 at the catheter 
body proximal end segment 14 to a catheter proximal 
end connector assembly 26. One of the lumens, e.g. 
lumen 18, is coupled through manifold 32 to a single 20 
lumen tube 30 and proximally terminates in a fitting 
28 into the aperture 24 of which a guide wire 70 may 
be inserted. In one embodiment, the guide wire lumen 
1 8 is not employed for any other function, although it 
may also be employed as the balloon inf lation/defla- 25 
tion lumen in other embodiments. 

The second lumen 20 is coupled through mani- 
fold 32 to a tube 42 which is coupled in turn to a valve 
adaptor 40. The second lumen 20 may be coupled in- 
ternally to the balloon 52 to function in one embodi- 30 
ment as an inflation/deflation lumen when it is fitted 
to a source of pressurized fluid (not shown) attached 
at adaptor fitting 38. In another embodiment, the lu- 
men 20 may be in communication with a further de- 
I ivery exit or venting port 60' adjacent to delivery exit 35 
port 60 and employed to deliver a component of a two 
component occluding agent or as an aspiration and/or 
venting lumen. 

The third lumen 22 is coupled through manifold 
32 to a tube 50 which is coupled in turn to a valve aq 
adaptor 48. The third lumen 22 may be coupled inter- 
nally at the proximal junction 54 of the balloon 52 with 
the lead body 12 through an elastic tube extension 
formed either inside or outside the balloon in various 
embodiments and extending along the outer wall of « 
the balloon 52 to a delivery exit port 60 positioned 
midway down the length of the balloon 52. The third 
lumen 22 functions in all of the embodiments as a 
conduit for the delivery of a contrast medium or oc- 
cluding agent, as described hereafter, upon position- 50 
ing of the delivery exit port with respect to the opening 
of an aneurysm and inflation of the balloon 52. The 
third lumen may also be employed to introduce fur- 
ther catheters or devices into proximity with the open- 
ing 60 as described below. 55 

The balloon catheter 10 terminates at its distal 
end junction 55 with a soft tip 34 and a tip aperture 
36 through which the guide wire 70 may extend during 



introduction of the catheter 10 and positioning of the 
balloon 52 alongside the aneurysm. The distal end 
segment 16 of the catheter body 12 is also provided 
with first and second radiopaque markers 15 and 17 
which are located with respect to the delivery exit port 
60 to assist in aligning it to the opening of an aneur- 
ysm or a branch vessel during introduction and orien- 
tation of the distal end segment 16. Any of the well 
known techniques may be employed for arterial and 
venous introduction of the catheter 10. with or without 
use of a surrounding introduction catheter (not 
shown) or the guide wire 70. 

Turning now to Figures 3 and 4A. they depict in 
a partial side cross section view and end view, one 
embodiment of the construction of the balloon 52 in 
relation to the catheter body 1 2. its lumens 18. 20. 22. 
and the tube extension 56 leading to the delivery exit 
port 60. In this cross section view, the lumens 20 and 

22 are filled proximal to the distal aperture 36 to iso- 
late the lumens and allow their use to deliver occlud- 
ing agent and inflation fluid respectively. The infla- 
tion/deflation lumen 20 terminates and is filled more 
distally within the distal junction 55 of the balloon 52 
with the outer surface of the lead body 1 2. The portion 
of the inflation/deflation lumen 20 within the balloon 
52 has a number of spaced inflation/deflation holes 
58 through the outer wall of the catheter body 12 to 
the interior space of the balloon 52. Inflation and de- 
flation of balloon 52 are accomplished by applying 
and withdrawing pressurized fluid to and from the lu- 
men 20 through the valve adaptor40 in a manner well 
known in the art. 

The delivery lumen 22 is coupled by through hole 

23 to the lumen 57 of delivery tube extension 56. The 
delivery tube extension 56 is formed of a flexible, thin 
walled tube cemented alongside the balloon 52 ex- 
ternally to the balloon wall for the full length of the bal- 
loon 52 between the proximal and distal junctions 54 
and 55. The through hole 23 extends through the side 
wall of delivery tube extension 56. which is cemented 
proximally to itself and the surface of the catheter 
body distal end segment 14, and makes a communi- 
cation between the delivery tube extension lumen 57 
and delivery lumen 22. The delivery tube extension 
lumen 57 is stopped up or filled, or adhered to itself, 
at its distal end lumen 62 distal to the delivery exit port 
60 formed in its external facing wall. 

The guide wire lumen 18 is open through the soft 
tip 34, which is preferably tapered in a manner well 
known in the balloon catheter art, and distal aperture 
36. Several of the balloon inflation/deflation holes 58 
through the inflation/deflation lumen 20 are depicted. 
The balloon 52 is preferably formed of a radiation 
cross-linked polyolef in. e.g. polyethylene, which does 
not readily adhere to the occluding agent contacting 
it during delivery and formation of the occluding cast 
and attached to the exterior surface of the catheter 
body 12 by adhesive or thermal bonding or welding at 



11 



EP 0 664 104 A2 



12 



the proximal and distal junctions 54 and 55 in a man- 
ner well known in the art of fabricating miniature bal- 
loon catheters. The delivery extension tube may be 
formed of a thin walled TEFLON polyethylene tube 
and adhered to the balloon 52 by adhesive or thermal 5 
bonding or welding The balloon and delivery exten- 
sion tube may also be coated with a release agent 
when fabricated of certain materials more prone to 
stick to the particular delivery agent. 

Referring now to Figure 4B. it depicts, in an end w 
cross section view conforming generally to Figure 4A. 
the above described features of the construction of 
the distal end segment 16 and balloon 52 in accor- 
dance with a fabrication variation that may be em- 
ployed in the first embodiment and is also depicted in 15 
Figure 7. In this variation, the delivery exit port 60 is 
formed in the outer wall of the balloon 52, and the de- 
livery tube extension 56 is formed during balloon wall 
extrusion of the tubular shaped balloon. The exit port 
60 is formed in the delivery tube extension 56 com- 20 
municating with the lumen therein extending along 
the balloon 52 back to the proximal junction 54 and 
the through hole 23, as also shown in cross section 
in conjunction with the further embodiment of Figure 

7. 25 

The orientation of the delivery exit port 60 to the 
blood vessel opening is preferably determined 
through the use of the radiopaque markers 1 5 and 1 7 
around the port 60 which may be observed during in- 
troduction and position through fluoroscopy. The 30 
proper seal afforded by the inflated balloon may be 
verified in the further steps of inflating the balloon 52, 
injecting a contrast medium through the delivery lu- 
men 22 and exit port 60 after orienting the delivery 
exit port 60 to a trial position and observing the filling 35 
of the aneurysm as well as the absence of its leakage 
down the blood vessel lumen when it is properly ori- 
ented. Alternatively, a radiopaque tip probe may be 
introduced down the delivery lumen 22 and observed 
as it exits the exit port 60 and enters the aneurysm 40 
chamber or a pressure measurement may be taken. 

In the embodiments described above, a liquid oc- 
cluding agent is preferably introduced into the cham- 
ber of the aneurysm where it reacts with blood or tis- 
sue or solidifies to fill the space. Such occluding 45 
agents may include cross-linked collagen implant fi- 
brils which may be mixed with contrast media and 
chemical buffers of the types described in the 718 
patent. A liquid or paste collagen is available under 
the name HELIOS TAT. A further liquid thrombin mix- so 
ture is available under the name THROMBOSTAT. 
Such thrombin and collagen including mixtures form 
an occluding cast by thrombus formation. 

Other liquid, single component, occluding agents 
include methyl cyanoacrylate adhesives or 2-hydrox- 55 
yethyl methyl acryl ate (HEMA) which set on contact 
with body fluids, e.g. of the type described in U.S. Pa- 
tent No. 4,207,891 directed to occluding Fallopian 



tubes. In addition, liquid silicone rubber may be used. 

Solid, single component-occluding agents may 
also be used in solid fibrous or particulate form that 
may be delivered through the vessel opening to form 
a solid mass of thrombus. The occluding agent is ef- 
fective to coagulate blood around the fibers or partic- 
les and to form the thrombus mass within the aneur- 
ysm chamber or peripheral vessel to function as a sol- 
id occluding cast. Such occluding agents may also in- 
clude one of the group of particulate compounds com- 
prising polyvinyl alcohol (PVA), IVALON, and GELL 
FOAM which are reactive to blood to coagulate it on 
contact, as described by Purdy in "Pre-Operative Em- 
bolization of Cerebral Arteriovenous Malformations 
with Polyvinyl Alcohol Particles". AJNR 11:501-510. 
May/June, 1990. 

It will also be appreciated that a solid occluding 
device or devices may be introduced through the lu- 
men 22, out the delivery exit port 60 and through the 
adjoining vessel opening. For example, the wire coils 
described in the above referenced '437 patent may be 
so introduced, while the balloon 52 is inflated, to fill 
the aneurysm chamber or branch vessel from the 
vessel opening. Once introduced, a plurality of such 
coils entwine or catch on one another and the aneur- 
ysm or vessel side walls to provide acute fixation and 
encourage the formation of a mass of thrombus that 
forms the occluding cast. 

A further feature of the invention is depicted in 
Figures 3 and 4A - 4B which allows the use of the bal- 
loon catheter 10 with certain occluding agents that 
are liquid until they are exposed to irradiating illumin- 
ation of a frequency which causes the occluding 
agent to solidify. In this respect, a miniature probe or 
optical fiber 66 having a light diff user or lens 68 at its 
distal end may be introduced down the lumen 22 (or 
lumen 20) and positioned to radiate light of the re- 
quired frequency toward the opening 60. The catheter 
body 12 and balloon 52 may be transmissive of the 
frequency of radiation emitted, so that it falls upon oc- 
cluding agent after it is delivered through the delivery 
exit port 60. Optionally, the balloon catheter 10 may 
be rotated within the vessel after the occluding agent 
is delivered to seal the aneurysm or branch vessel 
opening with the inflated balloon 52. The optical fiber 
66 and diffuser 68 may be oriented to emit radiation 
through the catheter body distal end segment 16 and 
balloon 52 and toward the blood vessel opening to ef- 
fect the curing of the occluding agent and the forma- 
tion of the occluding cast. In Figures 4A and 4B, the 
optical fiber 66 and diffuser 68 are depicted prefer- 
ably extending down the inflation/deflation lumen 20 
and optionally down the delivery lumen 22, respec- 
tively. The optical fiber 66 and probe 68 may be ex- 
tended down the inflation/deflation lumen 18 or the 
aspirating/venting lumens of the other embodiments 
as well. 

In this variation, the occluding agent preferably 
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comprises one of the group of light reactive com- 
pounds including urethane oligomer/(meth) acrylate 
monomer blends reactive to light in the ultraviolet 
range and particularly the compound Dymax 136-M 
which is reactive to ultraviolet light of a frequency of 5 
300-400 nanometers. Such compounds and light 
sources for their curing are described in the Dymax 
MD selector guide, Dymax data sheets and the Dy- 
max 10M catalog. 

As mentioned above, the lumens 18, 20 and 22 10 
may be selectively configured to accommodate a two 
component occluding agent in a further embodiment 
of the invention depicted in partial cross section, elon- 
gated views of the distal end segment 16 in Figures 
5 and 7. and in their respective end cross-section 15 
views in Figures 6 and 8. In order to use both of the 
lumens 20 and 22 as delivery lumens, it is preferable 
to provide a further delivery exit port 60' and delivery 
tube lumen 61' extending from lumen 20 and through 
its wall in the catheter body distal end segment 16 20 
closely adjacent to the delivery exit port 60 coupled 
to the delivery lumen 20. 

Furthermore, it is preferable to employ the guide 
wire lumen 18 as the inflation/deflation lumen and to 
provide inflation/deflation holes 58 through its wall 25 
into the interior space of the balloon 52. And, in order 
to allow the guide wire to be extended through the 
elongated, tapered soft tip 34 and distal aperture 36, 
a self sealing valve 46 which is penetrable by the 
guide wire 70 is formed adjacent to the distal aperture 30 
36. Such a self sealing valve 46 provides sufficient 
sealing against inflation pressure to allow inflation of 
. the balloons 52 when the guide wire 70 is or is not ex- 
tending through the valve 46 and may be of the type 
described in U.S. Patent No. 5.085.635 to Cragg, in- 35 
corporated herein by reference. 

In the embodiment of Figures 5 and 6, the lumen 
20 is coupled to the lumen 61' of a further delivery 
tube extension 56' extending to the additional deliv- 
ery exit port 60'. The further delivery tube extension 40 
56' may be formed internal to the balloon or external 
to the balloon as a separate tube, as described 
above. 

The balloon 52 depicted in Figures 6 and the pre- 
ceding figures is generally cylindrical, encircling and 45 
extending along the catheter body distal end segment 
16, so that the delivery exit port(s) are laterally dis- 
placed with the expanding balloon during inflation. In 
a further embodiment of the invention, the delivery 
exit port(s) 60, 60* are formed through the catheter so 
body distal end segment 16, and an alternate balloon 
structure 52' is attached around only a major circum- 
ferential arc of the segment 16. The alternate balloon 
52* configurations are depicted in a partial cross sec- 
tion, elongated view and end views of the distal end 55 
segment 16 in Figures 7, 8A. 8B and 8C. 

In this embodiment and its depicted variations, 
alternate balloon 52' is formed along only a major cir- 



cumferential section of the distal end segment 16 
(Figures 8Aand 8B) or a minor circumferential interior 
section of the tubular balloon is adhered along the 
outer surface of tube 13 (Figure 8C) so that the bal- 
loon 52' only inflates around the major circumference 
of the distal end segment 16. The delivery exit ports 
60, 60* (or port 60) are formed through the outer tube 
13 of the segment 16 in the minor circumferential sec- 
tion thereof in direct communication with the lumens 
22 and 20 formed therein. The delivery exit ports 60 
and 60'. as shown in Figures 7 and 8C are thus direct- 
ly made to the lumens 22 and 20, respectively, 
through the adhered balloon wall 52' and outer tube 
13. The balloon 52' is inflated and deflated through 
the openings 58 made in the side wall of the catheter 
body distal end segment 16 to the lumen 18. which 
also functions as the guide wire lumen. 

As also depicted in Figures 8A- 8C. the alternate 
balloon 52' can be formed to have alternate shapes 
when inflated. Each of the balloons 52* are as roughly 
semi-circular and surrounding a major arc of the cir- 
cumference of the distal end segment 16. The deliv- 
ery exit ports 60 and 60' are formed in a minor circum- 
ferential arc or section of the distal end segment 16 
of the catheter body 12. In Figure 8B. the balloon 
52* forms a U-shaped perfusion channel 53. when in- 
flated, along its length opposite to the minor section 
where the exit ports 60 and 60' are located. This al- 
ternate shape depicted in Figure 8B allows the bal- 
loon 52' to form the perfusion channel 53 with the 
blood vessel wall through which blood may continue 
to flow afterthe balloon is inflated in the vessel. In the 
other balloon shapes described above, it may be de- 
sirable to employ a separate perfusion catheter by- 
passing the balloon catheter 10 to provide perfusion 
while the occluding cast forms. 

In the two component embodiment and these al- 
ternate configurations, the first and second compo- 
nents of an occluding agent may be delivered through 
the lumens 20 and 22 to exit the ports 60 and 60' after 
the balloon is inflated to position the ports against the 
opening of the aneurysm chamber. Such delivery is 
depicted in Figure 8A. The components mix together 
inside the aneurysm chamber or lumen of the branch 
vessel, and the resulting reaction solidifies the com- 
ponents to form the occluding cast therein. One ex- 
ample of a two component occluding agent would be 
catalyzable polyester monomers or epoxies. 

Figure 8B also depicts the alternative use of the 
balloon catheter to deliver a single component occlud- 
ing agent of the various types described above along 
with aspiration and/or ventilation of the contents of 
the aneurysm chamber or branch vessel lumen. In 
Figure 8B. the lumen 20 and delivery exit port 60' may 
be coupled at the proximal end 26 connectors to an 
aspirator to initially aspirate the contents of a branch 
blood vessel or aneurysm after the blood vessel 
opening is sealed. In addition or alternatively, the lu- 



15 



EP 0 664 1 04 A2 



16 



men 20 may be coupled to operate as a venting lumen 
to allow the contents to flow out as the occluding 
agent is delivered into the blood vessel opening 
through the delivery lumen 22 and exit port 60. 

The above described features of the balloon 5 
catheter 1 0 of this embodiment with the alternate bal- 
loon 52' may be employed with only a single delivery 
lumen 22 and exit port 60, in the fashion of Figures 3 
and 4 described above, to deliver a single component 
occluding agent. In this regard. Figure 7 may repre- w 
sent such a cross section of only a single delivery lu- 
men 22 and exit port 60. 

All of the above described embodiments and va- 
riations thereof may be implemented in the co-axial 
tube, preferably integral balloon configuration for the 15 
catheter body 12. including the catheter body proxi- 
mal and distal end segments 14 and 16, as depicted 
in Figures 9 - 1 1 . In the co-axial tube embodiment, the 
inner tube 11 is surrounded by an outer tube 13 to 
form the interior guide wire lumen 1 8 and the inflation 20 
lumen 20. The outer tube 1 3 can be fabricated to form 
the inflation balloon 52 integrally with it in the fashion 
disclosed in the Simpson- Roberts U.S. Patent No. 
4.323,071 in a manner well known in the balloon cath- 
eter art. 25 

The single delivery lumen 22 is formed as shown 
in Figures 1 0A and 11 A in the outer tube 13 extending 
. the full length of the catheter body 12 and in the outer 
wall of the balloon 52 by standard multi-lumen extru- 
sion techniques. The single delivery exit port 60 is 30 
formed as depicted in Figure 10A in the outer mem- 
brane of the outer tube 1 3 by standard skiving or port- 
ing techniques also well known in the balloon catheter 
fabrication art. 

Figures 10B and 11 B depict the addition of the 35 
second delivery or venting lumen 22' leading to the 
second delivery exit or venting port 60* for the appli- 
cations described above. Thus, in this embodiment, 
the catheter body 1 2 is provided with four lumens. The 
configuration and construction of the embodiments 40 
of Figures 9-11 allows the catheter body 12 and bal- 
loon 52 to be integrally formed simply and with a low 
profile with a plurality of lumens formed in the outer 
tube 13 and balloon 52. Moreover, by adhering the 
balloon interior surface to the inner tube 11, in the 45 
manner of the embodiment of Figure 8C, the shapes 
of balloon 52' of Figures 7 and 8 may be employed 
with the features of this embodiment. 

Turning now to the methods of use of the embodi- 
ments described above, reference is made to Figures so 
12 through 16 which are illustrations of an aneurysm 
80 in an artery 90 and the steps of introducing and 
positioning a deflated balloon catheter, inflating the 
catheter, delivering the occluding agent forming the 
cast and withdrawing the balloon catheter. Aneurysm 55 
80 is formed through vessel opening 82 as a thin wal- 
led chamber 84 defined by wall 86. Figure 17 is a sin- 
gle illustration of the inflation and delivery of the oc- 



cluding agent into the opening of a branch vessel cor- 
responding to Figure 14B to illustrate that the same 
steps of Figures 12-16 would be employed in that 
method. 

The introduction of the balloon catheter 10 
through the arterial or venous system may be preced- 
ed by the introduction of .the guide wire 70 in any of 
the various approaches employed in PTCA or balloon 
angioplasty. Once the guide wire is positioned, the 
balloon catheter 10. with the balloon 52 deflated, may 
be introduced over the guide wire 70 as depicted in 
Figure 12A. Alternatively, the guide wire 70 may be 
permanently attached to or positioned in the guide 
wire lumen 18 extending out the distal tip aperture 36 
and/or valve 46. and the assembly may be advanced 
through the blood vessels until the deflated balloon 
52, 52' is positioned and inflated as depicted in Figure 
13A. The end views of Figures 12B and 13B depict 
these steps of positioning the guide wire 70 through 
the main vessel lumen 94 alongside the vessel or 
aneurysm opening 82 and inflating the balloon 52. 
52'. 

A guide catheter and/or introducer shrouding the 
balloon catheter 10 may also be employed in the in- 
troduction procedure, as is well known in the art. The 
progress of introduction is typically observed under 
fluoroscopy and aided by the earlier identification of 
the aneurysm or branch vessel by radiopaque media 
which persists during the introduction and positioning 
steps. 

Figure 12A is thus a schematic side view illustra- 
tion of the aneurysm in an artery and the positioning 
of a deflated balloon catheter distal end segment 16 
in relation to the aneurysm opening in accordance 
with the invention. It will be understood that a sepa- 
rate venting catheter 88 may also be positioned 
alongside the balloon catheter 10 so that the contents 
of the aneurysm chamber 84 may be aspirated and/or 
vented out as occluding agent is delivered through the 
delivery exit port 60, if the balloon catheter 10 is not 
configured to provide internal aspirating/venting as 
described above. Moreover, it will be understood that 
the balloon catheter of the invention in its various em- 
bodiments may be employed with a perfusion cath- 
eter 96 of any known type placed alongside the bal- 
loon 52, or in the U-shaped perfusion channel of the 
balloon 52', opposite to the opening 82. The perfusion 
catheter 96 allows blood flow past the temporary ob- 
struction of the blood vessel 90 during the procedure 
without affecting the seal of the balloon to the vessel 
wall 92 afforded by the inflated balloon. 

In this regard, once the balloon 52. 52' is posi- 
tioned, it is oriented by twisting the proximal catheter 
body segment 14 so that the delivery exit port{s) 60, 
60' is oriented facing the opening 82. The balloon 
positioning and orientation is observed under fluoro- 
scopy to align the radiopaque markers 15. 17 to the 
opening 82. Testing of the seal may be accomplished 



17 



EP 0 664 104 A2 



18 



by a test inflation while contrast medium is delivered 
as described above and as shown in Figures 14Aand 
14B. The test inflation may be avoided if the occlud- 
ing agent is mixed with contrast media as described 
above. Alternatively, pressure readings may be taken 
through the delivery lumen to determine the adequa- 
cy of the balloon seal. 

After the orientation and inflation is deemed ac- 
ceptable, the delivery of the occluding agent or device 
may be accomplished. As the occluding agent is de- 
livered, it either reacts with or displaces the fluid and 
blood clots in the chamber 84 and makes contact with 
the chamber wall 86. The delivery is depicted in Fig- 
ures 14Aand 14B. 

The fully delivered occluding agent forming an 
occluding cast is illustrated in Figures 15Aand 15B. 
As described above, the delivered occluding agent 
may be solidified through a number of alternative op- 
erations to form the occluding cast 100. During such 
occlusion, blood flow through the perfusion catheter 
or channel 53 afforded by the balloon shape may be 
continued. 

After occlusion is completed and the occluding 
cast 100 is formed, the balloon 52 may be deflated 
and withdrawn along the guide wire 70. The guide 
wire 70 may then be removed. 

Optionally, the balloon catheter 10 may be rotat- 
ed after the delivery step of Figures 14A and 14B to 
re-orient the delivery exit opening(s) 60, 60' away 
from the opening 82 and seal the vessel opening 82 
with the exterior side wall of the inflated balloon 52. 

In this regard, it is necessary that the balloon 
catheter 10 be torsionally rigid enough down the 
length of the catheter body 12 to transmit rotational 
torque applied manually at its proximal end segment 
14 to its distal end segment 16 in order to rotate the 
inflated balloon. Increased torque transmission abili- 
ty may also be useful in introducing the catheter 10 
and orienting the delivery exit port(s) 60, 60' to the 
vessel opening 82. It may therefore be desirable to in- 
crease the torque by providing a coupling of the distal 
segment of guide wire 70 with the lumen 1 8 or exit port 
36 to allow torque to be transmitted by the guide wire. 
Alternatively, the guide wire may be fixedly attached 
permanently in the catheter lumen 18. 

Figure 1 8 depicts an alternate distal end segment 
of the balloon catheter of the embodiment of Figure 7 
having a permanently installed torque wire 71 attach- 
ed distally therein by adhesive 72 to the soft tip 34 for 
increasing the torque transfer for allowing rotation of 
the balloon. The distally attached twist wire 71 is 
otherwise free in lumen 18 and may be coupled prox- 
imally to a knob to allow it to be twisted by the physi- 
cian in the manner well known in the art and disclosed 
in U.S. Patent No. 4,582,181. It will be understood 
that this feature may be implemented in all of the em- 
bodiments described above by substitution with the 
guide wire 70 and associated structure. 



The above described method is applicable as 
well to the occlusion of branch vessels 102 through a 
branch vessel opening 104 into the main vessel 90. 
Figure 17 depicts the intermediate step of that proc- 

5 ess. that is delivering the occluding agent into the 
branch vessel 102 through the opening 104. corre- 
sponding to Figure 14A. Each of the preceding and 
subsequent steps illustrated in Figures 12-16 may 
be followed in practicing the invention for the occtu- 

io sion of branch vessels involving any of the preferred 
embodiments of the invention. 

While a number of preferred embodiments of the 
invention and variations thereof have been described 
in detail, other modifications and methods of using 

15 and medical applications for the same will be appa- 
rent to those of skill in the art. Accordingly, it should 
be understood that various applications, modifica- 
tions, and substitutions may be made of equivalents 
without departing from the spirit of the invention or 

20 the scope of the claims. 

PARTS LIST 

aneurysm occluding balloon catheter 10 
25 inner tube 11 
catheter body 1 2 
outer tube 13 

catheter body proximal end segment 14 

first radiopaque marker 1 5 
30 catheter body distal end segment 16 

second radiopaque marker 17 

guide wire lumen 18 

webs 19 and 21 

inflation/deflation lumen 20 
35 delivery lumen 22 

additional delivery or venting lumen 22' 

through hole 23 

aperture 24 

catheter proximal end connector assembly 26 
40 fitting 28 

single lumen tube 30 

manifold 32 

soft tip 34 

distal aperture 36 
45 adaptor fitting 38 

valve adaptor 40 

tube 42 

self sealing, penetrable, distal tip valve 46 
valve adaptor 48 
so tube 50 
balloon 52 

alternate configuration balloon 52* 
U-shaped perfusion channel 53 
proximal junction 54 
55 distal junction 55 

elastic delivery tube extension 56 
additional elastic delivery tube extension 56' 
delivery tube extension lumen 57 
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inflation/deflation holes 58 
delivery exit port 60 

additional delivery exit or venting port 60' 
delivery tube lumen 61 

additional delivery tube or venting tube lumen 61' 5 

filled distal most extension tube lumen 62 

filled distal most delivery lumen 63 

filled distal most inflation/deflation lumen 64 

optical fiber 66 

light radiation diffuser 68 w 
guide wire 70 
twist wire 71 
adhesive 72 
aneurysm 80 

aneurysm opening 82 1 5 

aneurysm chamber 84 
aneurysm wall 86 
venting catheter 88 
main vessel 90 

main vessel wall 92 20 
main vessel lumen 94 
bypass catheter 96 
occluding cast 100 
branch vessel 102 

branch vessel opening 104 25 



Claims 

1 . Apparatus for forming an occluding cast through 30 
a vessel opening in the side wall of a main blood 
vessel for occluding a peripheral vessel or aneur- 
ysm outside of the opening without occluding the ' 
vessel comprising: 

means for sealing the main vessel side 35 
wall and lumen from the vessel opening into the 
aneurysm or peripheral vessel to thereby shield 
the main vessel wall adjacent to the vessel open- 
ing; and 

means for delivering an occluding agent 40 
through the vessel opening leading to the aneur- 
ysm chamber or peripheral vessel while maintain- 
ing the seal until occlusion is effected or the oc- 
cluding agent is stabilized, whereby an occluding 
cast is formed by or about the occluding agent 45 
within the aneurysm or peripheral vessel and 
seals the vessel opening without occluding the 
main vessel. 

2. The apparatus of Claim 1 wherein said sealing so 
means further comprises: 

an elongated balloon catheter having an 
inflatable balloon; 

means for introducing the balloon catheter 
into a position in the main vessel adjacent to the 55 
vessel opening; and 

means for inflating the balloon to fill the 
blood vessel and to seal the delivery exit port and 



the vessel opening from the blood vessel lumen; 
and 

wherein said delivering means fur- 
ther comprises: 

means for positioning a delivery exit port 
in position in the main vessel adjacent to the ves- 
sel opening to deliver the occluding agent 
through the vessel opening; and 

means for delivering an occluding agent 
through said delivery exit port and through said 
vessel opening during inflation of said balloon. 

3. The apparatus of Claim 1 wherein said sealing 
means further comprises: 

a balloon catheter having an inflatable bal- 
loon and first and second delivery lumens ex- 
tending therethrough terminating in first and sec- 
ond delivery exit ports; 

means for introducing the balloon catheter 
into a position in the main vessel adjacent to the 
vessel opening and orienting the delivery exit 
ports to the vessel opening; means for inflating 
the balloon to fill the blood vessel and to seal the 
delivery exit ports and the vessel opening from 
the blood vessel lumen; and said delivery means 
further comprises: 

means for delivering a first component of 
the occluding agent through the first delivery lu- 
men and first delivery exit port and into the open- 
ing; and 

means for delivering a second component 
of the occluding agent through the second deliv- 
ery lumen and second delivery exit port and into 
the opening, whereby the first and second com- 
ponents of the occluding agent mix together in 
the peripheral vessel or aneurysm distal to the 
vessel opening to form the occluding cast therein. 

4. The apparatus of Claim 1 wherein said sealing 
means further comprises: 

an elongated catheter body having a prox- 
imal end segment and a distal end segment 
adapted to be introduced into the main blood ves- 
sel in relation to the vessel opening leading to the 
branch blood vessel or aneurysm chamber and 

an inflatable balloon attached at the distal 
end segment of said catheter body into which in- 
flation fluid may be delivered to inflate the bal- 
loon and withdrawn to deflate the balloon; and 
said delivery means further comprises: 

delivery means having a delivery lumen 
extending from the proximal to the distal end seg- 
ment of the catheter body and having an exit port 
in communication therewith and supported by 
said balloon for delivering an occluding agent to 
the vessel opening when positioned with respect 
thereto upon inflation of said balloon with infla- 
tion fluid to effect the inflation thereof to form a 
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seal of the main blood vessel around and on eith- 
er side of the vessel opening and to position said 
delivery exit port in alignment with the vessel 
opening, whereby the occluding agent may be 
delivered through the vessel opening. 5 

The apparatus of Claim 4 wherein: 

said balloon is formed of a balloon wall ex- 
tending along said distal end segment of said 
catheter body and around the circumference 10 
thereof, whereby said balloon is inflatable out- 
wardly from said distal end segment against the 
wall of a blood vessel on inflation thereof: and 

said delivery lumen is formed on and ex- 
tends along said balloon wall a predetermined 15 
distance and is formed with said delivery exit port 
which faces away from said balloon and said dis- 
tal end segment, whereby inflation of said balloon 
laterally extends said delivery exit port against a 
vessel opening in the wall of a blood vessel. 20 

The apparatus of Claim 4 wherein: 

said balloon is formed of a balloon wall ex- 
tending along said distal end segment of said 
catheter body and around at least a major section 25 
of the circumference thereof, whereby said bal- 
loon is inflatable outwardly from said distal end 
segment against the wall of a blood vessel on in- 
flation thereof to fill the blood vessel lumen and 
displace the minor section of the circumference of 30 
said distal end segment of said catheter body 
against the blood vessel wall; and 

said delivery exit port is formed in said mi- ' 
nor section of the circumference of said distal end 
segment a predetermined distance along the 35 
length of said balloon and faces away from said 
balloon, whereby inflation of said balloon laterally 
extends said delivery exit port against a vessel 
opening in the wall of a blood vessel. 

40 

The apparatus of Claim 6 wherein: 

said balloon is formed of a tubular balloon 
wall adhered to said catheter body along said dis- 
tal end segment of said catheter body in said mi- 
nor section of the circumference thereof to form 45 
an adhered balloon section; and 

said delivery exit port is formed in said ad- 
hered balloon section, whereby inflation of said 
balloon laterally extends said delivery exit port 
against a vessel opening in the wall of a blood so 
vessel. 

The apparatus of any of the Claims 5, 6 or 7 
wherein said balloon further comprises: 

means for forming a perfusion channel be- 55 
tween said balloon wall extending along said dis- 
tal end segment of said catheter body and the 
main blood vessel wall sealed from said vessel 



opening upon inflation of said balloon in a seg- 
ment of said balloon opposite to said delivery exit 
port. 

9. The apparatus of any of the Claims 4-8 wherein: 

said catheter body further comprises an 
inner elongated tube and an outer elongated tube 
in co-axial alignment to form an inner lumen and 
an outer lumen: and 

said balloon is formed of said outer tube in 
said distal end segment thereof: and wherein: 

said inflation means comprises said outer 
lumen; and 

said delivery lumen is formed within said 
outer tube and extends form said proximal to said 
distal segment terminating in said delivery exit 
port. 

10. The apparatus of any of the Claims 1-9 further 
comprising: 

means for aspirating through the vessel 
opening leading to the aneurysm chamber or per- 
ipheral vessel before delivering the occluding 
agent. 

11. The apparatus of any of the Claims 1-10 further 
comprising: 

means for venting through the vessel 
opening leading to the aneurysm chamber or per- 
ipheral vessel during delivery of the occluding 
agent. 

12. The apparatus of any of the Claims 1-11 wherein 
the occluding agent has a liquid form for delivery 
through the vessel opening, the occluding agent 
being reactive to irradiating light for solidifying as 
a solid occluding cast, and further comprising : 

means for irradiating the occluding agent 
delivered through the vessel opening with light di- 
rected through the vessel opening sufficiently to 
effect solidification of the delivered liquid occlud- 
ing agent. 

13. The apparatus of any of the Claims 1-11 wherein 
the occluding agent has a liquid form for delivery 
through the vessel opening, the occluding agent 
being reactive on exposure to form the solid oc- 
cluding cast 

14. The apparatus of any of the Claims 1-11 wherein 
the occluding agent has a solid particulate form 
for delivery through the vessel opening, the oc- 
cluding agent effective to coagulate blood around 
the particles and to form a solid thrombus mass 
within the aneurysm chamber or peripheral ves- 
sel functional as a solid occluding cast. 

15. The apparatus of any of the Claims 1-11 wherein 



17 



23 



EP 0 664 104 A2 



24 



the occluding agent further comprises a com- 
pressible shaped member having an expanded 
form when unconf ined and compressible for de- 
livery through a confined space and through the 
vessel opening, and specifically a coil or coils of 5 
noble metals. 

16. The apparatus of any of the Claims 5-9 further 
comprising: 

a further lumen extending from the proxi- w 
mal segment to the distal segment of said cath- 
eter body and formed on and extending along 
said balloon wall a predetermined distance to a 
further exit port which faces away from said bal- 
loon and said distal end segment, whereby infla- is 
tion of said balloon laterally extends said further 
exit port against said vessel opening, whereby 
the occluding agent may be delivered through the 
vessel opening. 

20 

1 7. The apparatus of Claim 1 6 wherein the occluding 
agent delivered into through the vessel opening 
is a first component of a two component occlud- 
ing agent that reacts with a second component 

and further comprising; 25 

means at the proximal end segment of 
said catheter body selectively adapted to couple 
said further lumen to deliver a second component 
of a two component occluding agent through said 
further exit port and through said vessel opening, 30 
whereby the first and second components of the 
occluding agent mix together in the peripheral 
vessel or aneurysm distal to the vessel opening 
to form the occluding cast therein. 

35 

1 8. The apparatus of any of the Claims 1 6 or 1 7 fur- 
ther comprising: 

means for aspirating the contents of the 
aneurysm chamber or branch vessel through the 
vessel opening and one of the exit ports coupled 40 
to the delivery or further lumen before delivering 
the occluding agent. 

19. The apparatus of any of the Claims 16 or 17 fur- 
ther comprising: 45 

means for venting the contents of the 
aneurysm chamber or peripheral vessel through 
the vessel opening and through the further exit 
port and further lumen during delivery of the oc- 
cluding agent through the delivery lumen and de- 50 
livery exit port and through the vessel opening, 
whereby the occluding agent displaces the con- 
tents of the peripheral vessel or aneurysm distal 
to the vessel opening to form the occluding cast 
therein. 55 

20. The apparatus of any of the Claims 4-19 wherein: 

said distal segment end of said catheter 



body includes a distal extension terminating in a 
tip extending distally to said balloon: and further 
comprising: 

a guide wire for providing guidance of said 
distal end segment into position with respect to a 
vessel opening; 

means at said proximal end segment of 
said catheter body for receiving said guide wire in 
. said inflation lumen: and 

valve means formed in said distal tip and 
across said inflation lumen for sealing said infla- 
tion lumen from the loss of inflation fluid during 
inflation of said balloon and for receiving said 
guide wire extending distally therethrough during 
introduction and positioning of said balloon cath- 
eter. 

21. The apparatus of any of the Claims 4-19 wherein: 

said distal segment end of said catheter 
body includes a distal extension terminating in a 
tip extending distally to said balloon; and further 
comprising: 

a twist wire for providing guidance of said 
distal end segment into position with respect to a 
vessel opening and for providing torque transfer 
from the proximal segment of said catheter body 
to said distal tip to provide rotational movement 
thereof; 

means at said proximal end segment of 
said catheter body for receiving said twist wire in 
said inflation lumen; and 

means formed in said distal tip and across 
said inflation lumen for sealing said inflation lu- 
men from the loss of inflation fluid during inflation 
of said balloon and for receiving and attaching 
said twist wire extending distally therethrough 
during introduction and positioning of said bal- 
loon catheter. 

22. The apparatus of any of the Claims 4-21 further 
comprising: 

means for rotating the balloon catheter to 
rotate the inflated balloon across the vessel 
opening after delivering the occluding agent, 
whereby the vessel opening is sealed from the 
main vessel lumen as the occluding agent forms 
the occluding cast. 
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Fig. 3 
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Fig. 4 A 




FigAB 
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Fig.8A 
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Fig.8B 




Fig.BC 
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Fig.lOB 




Fig.UA 
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Fig.UB 




Fig.UA 




Fig. 12B 
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fig.UA 




Fig.l3B 
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Fig.l4A 




Fig.UB 
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Fig. 15 A 
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Fig.m 
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Fig. 16 A 




Fig.l6B 
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Fig. 17 
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(g) Balloon catheter for occluding aneurysms or branch vessels. 

@ A method and apparatus for delivering oc- 
cluding agents through an opening in a blood 
vessel wall and into an aneurysm chamber or a 
branch vessel to occlude same employs a bal- 
loon catheter, inflating the balloon to seal the 
blood vessel lumen around the vessel opening, 
and delivering the occluding agent through the 
opening. The inflation of the balloon positions 
an exit port coupled to a delivery lumen laterally 
in the vessel in alignment with the vessel open- 
ing for delivering of the occluding agent theret- 
hrough. The inflated balloon maintains the 
occluding agent therein until it forms an oc- 
cluding cast either in response to exposure to 
body fluids or radiation emitted from the cathe- 
ter. The balloon may be shaped to form a blood 
perfusion passage and may be advanced over a 
guide wire. The distal catheter end may be 
rotated to align the delivery exit port with the 
aneurysm or branch vessel opening. More than 
one delivery exit port and associated lumen may 
be provided for venting during delivery and/or 
for the delivery of a two component occluding 
agent. Alternatively mechanical thrombus form- 
ing devices may be delivered thereby into the 
aneurysm chamber or branch vessel to occlude 
it 
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